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CMS	
  Run	
  2	
  data	
  taking	
  

•  	
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LHC	
  finished	
  2016	
  pp	
  run	
  in	
  October,	
  delivered	
  41	
  G-­‐1	
  to	
  CMS	
  	
  
and	
  ~37	
  G-­‐1	
  recorded,	
  ~35	
  G-­‐1	
  good	
  data	
  for	
  physics	
  analysis	
  



CMS	
  Run	
  2	
  data	
  taking	
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Run	
  I	
  data:	
  	
  
Higgs	
  cross	
  secQon	
  measurements	
  
published	
  in	
  JHEP	
  1604	
  (2016)	
  005	
  

2015	
  data:	
  	
  ~3G-­‐1	
  

	
  
2016	
  Moriond	
  	
  
HZZ	
  Conf.	
  Note	
  
	
  
ZZ/Z-­‐>4l	
  paper	
  	
  
PLB	
  763	
  (2016)	
  280	
  

2016	
  data:	
  	
  ~13G-­‐1	
  

2016	
  ICHEP	
  	
  
HZZ	
  Conf.	
  Note	
  



Fiducial	
  cross	
  secQon	
  

•  An	
  important	
  property	
  to	
  measure	
  of	
  the	
  
discovered	
  Higgs	
  boson	
  is	
  its	
  (differenQal)	
  
fiducial	
  cross	
  secQon	
  
–  Important	
  test	
  of	
  SM	
  predicQons	
  and	
  probe	
  of	
  
BSM	
  effects	
  	
  

•  To	
  minimize	
  model	
  dependence	
  
– The	
  measurement	
  is	
  performed	
  in	
  a	
  fiducial	
  phase	
  
space	
  close	
  to	
  experimental	
  acceptance	
  	
  

– Fiducial	
  space	
  definiQon	
  can	
  be	
  reproduced	
  by	
  
theorists/phenomenologists	
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Fiducial	
  cross	
  secQon	
  
•  Acceptance	
  has	
  a	
  strong	
  model	
  dependence,	
  e.g.	
  between	
  

SM	
  producQon	
  modes	
  by	
  up	
  to	
  60%	
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Model	
  A	
  

Model	
  C	
  

Model	
  B	
  

Reconstructed	
  



Fiducial	
  cross	
  secQon	
  
•  Acceptance	
  has	
  a	
  strong	
  model	
  dependence,	
  e.g.	
  between	
  

SM	
  producQon	
  modes	
  by	
  up	
  to	
  60%	
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Model	
  A	
  

Model	
  C	
  

Model	
  B	
  

Fiducial	
  	
  
phase	
  space	
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  model	
  dependence,	
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  between	
  

SM	
  producQon	
  modes	
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Model	
  A	
  

Model	
  C	
  

Model	
  B	
  

Reconstructed	
  

Events	
  in	
  fiducial	
  phase	
  space	
  	
  
but	
  not	
  reconstructed	
  

Non-­‐fiducial	
  events:	
  	
  
events	
  reconstructed	
  but	
  	
  
not	
  from	
  fiducial	
  phase	
  space	
  	
  



Fiducial	
  phase	
  space	
  definiQon	
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•  A	
  crucial	
  point	
  is	
  the	
  inclusion	
  of	
  isolaQon	
  in	
  the	
  fiducial	
  selecQon	
  
– Does	
  not	
  include	
  neutrinos	
  or	
  FSR	
  photons	
  
– without	
  isolaQon,	
  the	
  difference	
  in	
  efficiency	
  between	
  producQon	
  
modes	
  can	
  be	
  more	
  than	
  50%	
  	
  



Analysis	
  strategy	
  
•  Fiducial	
  Signal	
  Shape:	
  Double	
  
Sided	
  Crystal	
  Ball	
  	
  
•  “Non-­‐Fiducial”	
  Signal	
  shape:	
  
Same	
  as	
  fiducial	
  shape	
  	
  
–  fracUon	
  of	
  fiducial	
  signal	
  (fnonfid	
  )	
  
–  fracUon	
  depends	
  on	
  model	
  	
  

•  “Non-­‐resonant”	
  Signal	
  Shape	
  
–  One	
  or	
  more	
  leptons	
  not	
  directly	
  
from	
  H	
  decay	
  (e.g.	
  WH,	
  ZH,	
  YH)	
  

–  shape	
  constrained	
  from	
  
simulaUon	
  

•  qqZZ,ggZZ	
  shape	
  and	
  norm	
  from	
  
MC	
  	
  
•  Z+X	
  shape	
  and	
  norm	
  from	
  
control	
  regions	
  in	
  data	
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Fieng/Unfolding	
  procedure	
  
•  Simulataneous	
  fit	
  of	
  4	
  

differenQal	
  bins	
  and	
  3	
  final	
  
states	
  (=12	
  channels)	
  per	
  
differenQal	
  measurement	
  	
  

•  1	
  POI	
  (σfid	
  )	
  per	
  bin	
  controls	
  
the	
  normalizaQon	
  of	
  the	
  
“Fiducial	
  Signal”	
  components	
  	
  

•  2	
  addiQonal	
  parameters	
  per	
  
bin	
  to	
  float	
  the	
  fracUons	
  of	
  
each	
  final	
  state	
  	
  

•  Fiducial	
  signal	
  from	
  a	
  
parQcular	
  differenQal	
  bin	
  at	
  
fiducial	
  level	
  can	
  contribute	
  
to	
  all	
  differenUal	
  bins	
  at	
  
reconstrucQon	
  level	
  
–  controlled	
  by	
  the	
  detector	
  

response	
  matrix	
  (built	
  in	
  the	
  
likelihood)	
  

•  Mass	
  is	
  fixed	
  to	
  125.0	
  GeV	
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Example	
  fits	
  pT(4l)	
  



Fiducial	
  XS:	
  Run	
  I	
  results	
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RaUo	
  

Z-­‐>4l	
  

JHEP	
  1604	
  (2016)	
  005	
  



Fiducial	
  XS:	
  13	
  TeV	
  results	
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  763	
  (2016)	
  280	
  

For	
  13	
  TeV	
  data,	
  2	
  sets	
  of	
  preliminary	
  results	
  made	
  
public	
  based	
  on	
  2015	
  data	
  and	
  2016	
  12.9	
  G-­‐1	
  separately	
  

CMS-­‐PAS-­‐HIG-­‐15-­‐004	
  and	
  CMS-­‐PAS-­‐HIG-­‐16-­‐033	
  

We	
  also	
  contributed	
  to	
  ZZ-­‐>4l	
  xs	
  and	
  Z-­‐>4l	
  branching	
  
fracQon	
  measurements	
  with	
  2015	
  dataset	
  



Higgs	
  mass	
  measurement	
  @	
  13	
  TeV	
  
•  Methodology	
  follows	
  
Run	
  I	
  approach	
  

•  3D	
  observables	
  to	
  the	
  	
  
staQsQcal	
  analysis	
  
– m4l,	
  kinemaQc	
  
discriminant	
  Dbkg

kin,	
  
per-­‐event	
  mass	
  error	
  
Dm	
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CorrecQon	
  of	
  per-­‐event	
  mass	
  error	
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Comparison	
  of	
  measured	
  mass	
  resoluQon	
  with	
  the	
  predicted	
  dilepton	
  mass	
  
resoluQon	
  using	
  the	
  event-­‐by-­‐event	
  mass	
  uncertainty	
  for	
  Z→ℓℓ	
  events	
  in	
  data.	
  	
  
The	
  dashed	
  lines	
  denote	
  a	
  ±20%	
  region,	
  used	
  as	
  the	
  systemaQc	
  uncertainty	
  on	
  the	
  
resoluQon.	
  	
  

•  Event	
  by	
  event	
  	
  mass	
  error:	
  lepton	
  momentum	
  error	
  propagated	
  to	
  m4l	
  
•  Importan	
  for	
  mass	
  measurement	
  when	
  staQsQcs	
  are	
  limited	
  



Mass	
  measurement	
  results	
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CMS-­‐PAS-­‐HIG-­‐16-­‐033	
  



Heavy	
  resonance	
  searches	
  

•  Currently	
  we	
  are	
  involved	
  in	
  all	
  three	
  ZZ	
  final	
  
states	
  
– 4l:	
  	
  clean	
  final	
  state,	
  but	
  smallest	
  branching	
  raQo	
  

•  best	
  sensiQvity	
  for	
  mass	
  range	
  <	
  500	
  GeV	
  
– 2l2q:	
  largest	
  branching	
  raQo,	
  but	
  also	
  huge	
  
backgrounds	
  
•  beser	
  sensiQvity	
  for	
  mass	
  range	
  >	
  1	
  TeV	
  

– 2l2v:	
  relaQvely	
  clean	
  with	
  modest	
  branching	
  raQo,	
  
but	
  two	
  neutrinos	
  present	
  in	
  the	
  final	
  state	
  
•  beser	
  sensiQvity	
  in	
  the	
  range	
  from	
  500	
  GeV	
  to	
  1	
  TeV	
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High	
  mass	
  resonance	
  search	
  
A	
  general	
  search	
  for	
  a	
  scalar	
  resonance	
  with	
  
arbitrary	
  mass	
  and	
  width	
  
Kinematic distribution, inclusive

26
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CMS-­‐PAS-­‐HIG-­‐16-­‐033	
  



Plan	
  

•  ConQnue	
  working	
  on	
  ZZ	
  channel:	
  both	
  Higgs	
  property	
  
measurement	
  and	
  new	
  physics	
  searches	
  	
  

•  Several	
  improvements	
  in	
  the	
  pipeline	
  for	
  the	
  papers	
  
with	
  2015+2016	
  full	
  data	
  	
  	
  

•  SensiQvity	
  study	
  in	
  4l	
  channel	
  with	
  Phase	
  II	
  simulaQon	
  
11/18/16	
   18	
  



back	
  up	
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Fiducial	
  XS:	
  signal	
  
•  The	
  inclusive	
  efficiency	
  and	
  non-­‐fiducial	
  raQos	
  are	
  determined	
  from	
  simulaQon	
  →	
  
correcQons	
  derived	
  from	
  data	
  are	
  applied	
  to	
  the	
  MC	
  efficiencies	
  	
  

•  Mild	
  dependence	
  on	
  the	
  producQon	
  mode	
  (~7%)	
  of	
  the	
  factor	
  (1+fnonfid	
  )ε	
  is	
  a	
  result	
  
of	
  the	
  definiQon	
  of	
  the	
  fiducial	
  volume	
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Fiducial	
  XS:	
  differencial	
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Fiducial	
  XS:	
  systemaQc	
  uncertainQes	
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Fiducial	
  XS:	
  theory	
  predicQons	
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Fiducial	
  XS:	
  theory	
  uncertainQes	
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2016	
  ICHEP	
  HàZZà4l	
  analysis	
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Run	
  1	
  	
  SM-­‐like	
  Heavy	
  Higgs	
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